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Abstract
Undeniably, Quantum Chromodynamics is not a Conformal Field Theory (CFT) at
the mesons mass scale. So one would undoubtedly wonder why the Anti-de Sitter Space/
Conformal Field Theory (AdS/CFT) correspondence has been applied to it. Regarding
AdS/CFT duality as an indication to a duality much more applicable to QCD, we concoct
in this letter a possible gravity dual to QCD by considering its non-conformal feature.
Surprisingly, the agreement between the mass spectrum of ρ vector messon compare to
its experimental value is spectacular.
∗E-mail: madyfalaye@gmail.com
1 Introduction
The Anti-de Sitter Space/ Conformal Field Theory (AdS/CFT) correspondence is cur-
rently one of our best mathematical framework to study strongly conformal coupled gauge
theories. Popularized after the work of Maldacina [2], it is linked to the old idea of
gauge/gravity duality advised by ’t Hooft [1]. The novelty of AdS/CFT duality is that
we can, for the first time, predict what we want about a d-dimensional strongly conformal
gauge theory by simply investigating a dual gauge theory living on a (d+1)- dimensional
AdS spacetime.
Quantum Chromodynamics is a non-Abelian gauge theory, based on the SU(3)c gauge
group, that describes the physics of the hadrons(that is the systems of quarks interacting
among themselves via the exchange of the SU(3)c gauge fields). The quarks are charged
under the action of the SU(3)c gauge group, and their charges are called colors.
The hadrons are divided in two blocks: the baryons (bounded state of three quarks
states with net color charge being zero) and the mesons (bounded state of quark-antiquark).
The mesons as well as the baryons are all massive and confined inside the hadrons with
a confinement scale ΛQCD. Therefore, QCD is not a conformal field theory. So the fi-
nal outcome is that QCD is neither a conformal field theory, nor a supersymmetric field
theory.
The AdS/CFT duality, as original propounded by Maldacina [2], preaches the equiv-
alence between the low energy approximation of type IIB string theory on AdS5
⊗
S5
and N = 4 U(N) Supersymmetry Yang Mills theory for large N in four dimensions. This
Anti-de Sitter/conformal field theory (AdS/CFT) correspondence[3, 7, 4], has been widely
studied at length in the literature.
At first sight, there is no indications that AdS/CFT duality can be applied to QCD
due to the non-conformal and the non-supersymmetric aspects of QCD. However, there
are presently two routes in the bottom up level to study QCD through AdS/QCD duality:
The hard-wall model [5, 6, 8] and the soft-wall model [10].
In these models, AdS/QCD correspondences has been regarded as a device for learning
about the low energy properties of QCD such as the mass spectrum, the form factors, the
correlation functions, and the decay constant of the bounded state of quarks.
In this paper, we modified the current soft-wall model by considering the non-conformal
property of low energy QCD. Specifically, we investigate the mass spectrum of the vector
(ρ) mesons in this modified version. The main feature of soft-wall AdS/QCD model is
that within it one can easily achieve linear confinement [10, 12, 16] and chiral symmetry
breaking [11, 8, 14]. The same calculations can be performed by using our modified ver-
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sion. The fundamental lesson preached by this AdS/QCD duality is still the same , that
is, the equivalence between gravity theory living in a five-dimensional AdS geometry and
low energy QCD at the boundary of this geometrical background.
Most analysis in the soft-wall model [10, 12, 13, 14, 11, 16, 17, 15] have been devoted
to the mass spectrum of the resonance messons sector of the low energy QCD. Perusal of
any of these models reveals that the discrepancy between the theoretical value and the
experimental value of some of the masses is higher than 10%. In this manuscript reducing
those discrepancies is behind our motivation. As can be seen in this paper, we reduce
considerably those discrepancies in a very spectacular way.
The rest of this paper is organized as follows: The next section reviews the soft-wall
AdS/QCD, and meantime presents our parameterizations and the mass spectrum. The
final section is devoted to the conclusion.
2 The Soft-Wall AdS/QCD and Its Modified version
In the soft wall AdS/QCD [11, 12, 13, 10, 19] , the geometry in which the bulk fields
propagate is assumed to be 5D AdS space with the metric given in the Poincare´ coordinate
by
ds2 = GMN dx
MdxN = a(z) ( ηµνdx
µdxν + dz2), , (2.1)
where (ηµν) = diag(1,−1,−1,−1) is the 4D Minkowski metric, and a(z) is the conformal
factor or the warped factor. The conformal coordinate z within the range 0 < z <∞ sets
the energy scale in the 4D Minkowski space.
The dual theory of QCD in soft wall models contains the SU(Nf )L× SU(Nf )R gauge
fields (AL and AR) and a scalar field X(z) field, which belong to the adjoint representation
of the SU(Nf )L × SU(Nf )R gauge group. The 5D action that seems to describe the ρ
vector mesons of QCD from these fields reads
SM =
∫
d4x dz
√
Ge−ΦTr
{
− 1
4g25
(F 2L + F
2
R) + |DX|2 −m2X |X|2
}
, (2.2)
where FL and FR are the non-abelian field strength and the symbol D is the Yang-Mills
covariant derivative all are defined in [15]. The dilaton field is assumed to be dependent
on the holographic coordinate z, that is, Φ ∼ Φ(z). The vacuum expectation value
〈X〉 = 1
2
v(z) of the scalar field X is responsible of the spontaneous breaking of the chiral
symmetry of low energy QCD and it satisfies v(z → 0) ∼ αz + βz3 .
The soft-wall AdS/QCD [6] from its inception has been built in the philosophy that
the combination Φ− log[a] satisfies two constraints:
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Table 1: The mapping between the fields in the two side and their dimensions.
4D : O(x) 5D : Φbulk(x, z) ∆ m25
ψLγ
µtaψL A
a
Lµ 3 0
ψRγ
µtaψR A
a
Rµ 3 0
ψ
α
Rψ
β
L
1
z
Xαβ 3 −3
1. (Φ − Log[a])(z → ∞) ∼ λ2z2 when one Requires the dual theory to reproduce
linear confinement aspect of QCD.
2. (Φ − Log[a])(z → 0) ∼ log[z] which is a consequent of satisfying the conformal
symmetry at UV.
In this paper, our strategy is to relax the second constraint, since QCD is simply not
a conformal theory at the energy scale under consideration here. Linear confinement is
an undeniable property of low energy QCD and has been well established experimentally,
so our model will be only based on the first constraint. The mapping between the bulk
fields and their dual in QCD is given in table 1.
The hadrons in soft wall AdS/QCD models are identified as the renormalizable modes
of the 5D gauge fields. Concretely, the vector mesons (V) which the subject of this
manuscript is defined by the relation:
V = (AL + AR)/2 .
The decomposition of this vector field via the Kaluza-Klein mechanism is usually done
by Vµ(x, z) =
∑
n ρ
(n)
µ (x)h
(n)
V (z). The infinite tower of 4D massive vector fields ρ
(n)
µ (x)
called the (KK) modes are then identified as the vector mesons of the ordinary low energy
QCD. The mass spectrum of this vector mesons is derived from the constraint satisfied
by the holographic coordinate dependent parts [9] which in the axial gauge, Vz = 0, reads
− ∂5(ae−Φ∂5h(n)V ) = ae−ΦM (n)2V h(n)V , (2.3)
in which M
(n)2
V are the masses of the vector fields ρ
(n)
µ (x).
Equation (2.3) can be rewritten into a Schro¨dinger form , by using the transformation
h
(n)
V = e
[Φ(z)−log a(z)]/2χ
(n)
V and the outcome is
− χ(n)′′V + VV χ(n)V =M (n)2V χ(n)V (2.4)
with the potential given by
VV =
1
4
[Φ(z) − log a(z)]′ 2 − 1
2
[Φ(z)− log a(z)]′′ , (2.5)
3
ρ mass (MeV) 0 1 2 3 4 5 6
Model 771.8 1188.6 1484.7 1727 1937.5 2126 2298
experimental 775.5± 1 1282± 37 1465± 25 1720± 20 1909±30 2149± 17 2265± 40
error 0.5% 7.3% 1.3% 0.4% 1.5% 1.1% 1.5%
Table 2: The theoretical and experimental values of the masses of the vector ρ meson.
where (′) denotes derivation with respect to z. Now having review the soft wall AdS/QCD
model, we propose the following parameterizations for the dilaton field and the warp
factor:
Φ(z) = λ2z2 + λz − log(z) , a(z) = 1/z , (2.6)
To solve equation (2.4) together with (2.6), we use the shooting method with the
boundary conditions χn(z → 0) = 0, ∂zχn(z →∞) = 0. The resulting mass spectrum of
the ρ vector mesons with λ = 423MeV is presented in table 2.
3 Conclusions
In this manuscript, we modified the current soft-wall AdS/QCD models by considering
the non-conformal aspect of QCD. The predicted mass spectrum of the ρ mesons agrees
surprisingly well with its experimental values. It is therefore important to extend this
analysis to the other sectors.
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Figure 1: The mass spectra of the different model compare to the experimental data.
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